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Even very small earthquakes that are not perceptible to people can trigger a beam abort at SuperKEKB.

1  WHY MONITOR THE QCS?

2  LOCAL EARTHQUAKE: M = 5.0  →  >200 µm

Simple magnitude-amplitude comparison & prediction

M = log₁₀ A + B(Δ,h),

where 𝐴 is the amplitude measured at the observation point and 𝐵 △, ℎ  represents 
corrections associated with epicentral distance △ and hypocentral depth ℎ.

If the difference in the correction term is neglected as a first approximation, the measured 
amplitude of approximately 25μm for the M=4.1 February 7 earthquake predicts*

25 µm × 10^(5.0−4.1) ≈ 200 µm, for  Magnitude 5.0 earthquake

MEASURED ≈ 200 µm, agreeing with the prediction

*For two events with similar epicentral locations and 
hypocentral depths; not a general prediction from magnitude 
alone.

3  A DIFFERENT RESPONSE TO A 
LONG-PERIOD EARTHQUAKE

↑ Local earthquake 
 (1 APRIL 2026)
 Peak displacement >200 µm
 Strong initial excitation
 Decay over tens of seconds

Off Sanriku coast →
 (20 APRIL 2026)
 Peak displacement ≈50 µm
 Longer characteristic period
 Motion persisted for several min.         
 Slower vibration components
 are seen

⇒Similar seismic intensity does not mean similar QCS motion.

4  WHAT DID WE LEARN?

SENSITIVE

Even very small earthquakes can be operationally 
relevant.

MOSTLY REVERSIBLE

For the events studied, motion generally 
decays toward the pre-earthquake position.

MONITOR CONTINUOUSLY

Amplitude, frequency content, duration, and 
residual motion all matter.

Continuous position monitoring provides useful information for maintaining final-focus mechanical stability and for future collider interaction regions.

• Narrow and thin beam
• Vertical size is 50-60 nm at the IP

• Cantilever-supported near the IP
• Gap sensors measure QCS position relative to Belle II
• Earthquake data sampled at 256 Hz

QCS cryostats

Magnitude 4.1
Depth 80km
Observed amplitude @Cryostat ~25	𝜇𝑚

SuperKEKB

→ Motion of the cryostats 
(Final Focusing Superconducting Quadrupole magnets), 
affects the machine performance

Magnitude 5.0
Depth 50km
Observed amplitude @Cryostat ~200	𝜇𝑚

Cryostat vibration due to 
earthquake resulted in 
beam aborts.

Only slow sampling data of the 
motion are plotted in this figure.
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